Trawl fisheries sector account more than 50% of the marine fisheries production of India. Annual average fish landing from trawlers was 17, 21, 000 t (2008-2011), which formed around 51 % of the marine fish landing of the coast. In this about 51% of the catch was contributed by the west coast and remaining by the east coast of India. Recent studies of the trawl fishery in India have shown that incidental catches/low value bycatch (LVB) landing and utilization has increased over the period of time. The present study is based on the data collected from major trawl landing centres along the coast of India during the period 2008-2011.The estimated landing of low value bycatch (LVB) in trawl fisheries, increased from 14 % in 2008 to 25 % in 2011, which is reflected as reduction in discard volume by trawlers. On an average the highest quantity of LVB landed was in Veraval (50,000 t) and in Mangalore, LVB landing increased from 3% in (3000 t) in 2008 to 26 % (12,000 t) in 2011.In Mumbai, the percentage of trash fish landed remained around 5% during the study period. In Calicut, the LVB landed in 2011 contributed 26% to the total landings by the trawl. In Kochi, Kerala the total LVB landed in 2011 was 1,992 t forming 7.2 % of the total landing. In Chennai, Tamilnadu, the LVB landing which was 13 % in 2008 increased to 17% in 2011, while in Visakhapatanam, Andhra Pradesh, LVB landing showed a steady increase from 2% in 2008 to 21% in 2011. The landing centre price for LVB showed an increasing trend due to increased demand for trash fish for the production of fish meal and fertilizer. The dominance of finfishes in LVB found to increase the value of LVB and the value realized for 30,000 t of LVB in Mangalore in 2011 ( Rs.280 million) was more than that realized for 50,000 t of LVB in Veraval (Rs.200 million). A disturbing trend observed from the studies in Mangalore was that, the sardines in trash fetches higher price in some seasons (upto Rs.16/kg) compared to a lower price when landed in fresh form, and the percentage of sardines in LVB is found to be very high (24% in 2010). This trend may cause a severe threat to the protein availability to the rural poor. Looking at the trend of trawl landing during 2008-2012, it is seen that even though the trawl landing showed an increase over the period of time, the edible portion of the trawl landing did not show any significant increase rather showing general declining trend. Study on the bycatch from different centres along the coast of India showed that as many as 237 species / groups of marine fauna with juveniles of commercially important fishes were landed as LVB. Increase in utilization of LVB (which was discarded earlier) from trawl fishery, a trend which is market driven and its implication on the ecosystem and marine fisheries production of the country is discussed in this paper.
Introduction
Trawling has contributed to increased marine fish production and has led to its widespread adoption by many countries. In India, trawlers have contributed major part of the total marine fish production (Srinath, 2003) . But in recent years due to its irrational operation, trawling is considered as a major human caused physical and ecological disturbance on the world's continental shelves causing physical destruction of marine ecosystems (Jennings and Kaiser, 1998) . Its extensive combing of sea bottom is causing widespread damage to marine biota and urgent need for regulation in fishing is required so that fish production can be made sustainable (Devaraj and Vivekanandan, 1999) . Trawlers generally discard non-commercial species (Van Beek, 1998) but ever since the fish protein from sea became an important raw material for feed industries, the percentage of discards has come down substantially and low value bycatch from trawlers are used extensively to feed livestock/fish, either directly or through reduction to fish meal/oil (Simon et al., 2005) . The demand for fish meal has increased intensely with aquaculture development, which encouraged trawler operators to bring all the catch to the shore as Low value bycatch (LVB). In India, the quantity of fish meal used for shrimp culture and Indian carp culture in 2001 was 41,000 t and 200,000 t., respectively (Simon et al., 2005) . Considering the trend is likely to continue, an estimated 270, 000 tonnes of low value/trash fish is expected to be required to produce fish meal for aquaculture in India by the end of the decade and this demand in turn would put increased pressure on ecosystem (FAO, 2010) . The economics of LVB marketing was studied by Aswathi et al. (2011) and observed that there is an urgent need for comprehensive analysis and estimation of bycatch and discards from trawlers from all coastal states of the country, for developing macro-level policies in fisheries management.
In the tropical fishery, when a trawl net is operated, many species which have demand either for edible purpose and some for non-edible purpose caught. Hence, the concern of the trawler operator will be whether it would be economically viable to bring the species in a preserved condition to the landing centre. Practically these criteria decide which is to be landed for edible purpose in the best possible preservation, which is to be brought to shore without much preservation to land as "trash" and which is to be discarded for which bringing to the shore in any form may not fetch any additional return. The studies related to Low value bycatch (LVB) and discards have to be approached with the economic aspect in mind. Economically all fishes landed in fresh or trash form is bringing additional economic return to fishermen. In the present study, the term 'LVB' is used for those fishes landed for non-edible purpose (trash) without much preservation and not the "low value fishes" landed in preserved condition for edible purpose. The present study is particularly aimed at estimating the quality and quantity of landed 'low-value bycatch' and discards by commercial trawlers at major landing centres and to evaluate the potential bycatch problems in marine fisheries management of India. Study also aims at studying impact of trawl fishery on marine fauna especially, the impact on the juveniles of commercially important fishes, so that management options in trawl fishery for sustaining marine fish production can be formulated and suggested by estimating the extent of the problem.
Material and methods
All India trawl landing data from all maritime states were estimated using stratified multi-stage random sampling method (Srinath et al., 2005 (Srinath et al., ) during 2007 (Srinath et al., -2012 . For the purpose trawl fishery data from all major and minor trawl landing centres were estimated. To get the catch and bycatch scenario in trawl fisheries, trawl catch from major fishing harbours of India (Fig.1) , namely, Veraval, Mumbai, Karwar, Mangalore, Calicut, Cochin, Sakthikulangara, Chennai, and Visakhapatnam were collected and catch and bycatch were analyzed to species level. Data collection was done twice a week. It was estimated that these fisheries harbors selected for the study together contribute 33% of the trawl landings of the country (more than 50% of the multi-day trawl landing) during 2007-2012. The landing has been classified as those landed for "edible uses" and the rest landed as low value bycatch (LVB) for non-edible purpose. Monthly estimates of catch, effort and species composition of commercial catch and trash were made based on these data (Srinath et al., 2005) . Along with catch data, the market price for the catch and bycatch also were collected from each landing centre. An unsorted portion of non-edible landed bycatch (LVB) was analysed to species level to understand the species composition and the juvenile composition in the sample. Data on onboard catch, bycatch and discard were collected from selected commercial trawlers operated from Veraval, Mangalore, Calicut and Visakhapatnam on daily basis. During the initial phase of data collection (2007) the researchers participated in the cruise and selected crews were trained in fishing and fishery data collection and also in sampling and preservation of the bycatch. Regularly an unsorted portion of catch, which is normally discarded by fishermen, was collected and labelled by trained crews of the trawler. The samples were preserved in ice and stored in fish-hold. The samples were collected from the crews after each cruise andbrought to the laboratory as fresh as possible to identify the fishes at species level. Qualitative and quantitative analyses of the samples were made in the laboratory. The following terms and definitions (Costa et al., 2008) are used in this paper: 'total catch' is the quantity of all species brought onboard; 'landed catch' is part of the total catch that has economic value (i.e. the quantity commercial fish for edible use and low valued species for non-edible purpose); 'total bycatch' is the portion of the total catch, which may be retained if it has commercial value (LVB) or discarded at sea if it is not used for any purpose (discarded bycatch). The terms "LVB used in this paper represents the non-edible portion of landed bycatch and the term 'discard" for the discarded portion of bycatch.
Results

Trawl fisheries
From all the selected major landing centres both single and multi-day trawlers were operated. Single day trawlers leave the fishing port early morning and return by afternoon. The multiday trawlers operate for more than one night extending up to 9 to 13 days. Though trawl is a non-selective gear there is a targeted fishery in each season. Major targets are shrimps, cephalopods and high valued demersal fishes. High opening bottom trawls, midwater trawls and semipelagic trawls are operated which target demersal, semipelagic and pelagic fishes. In the early years of trawling the depth of operation was limited to 30 to 50 m with the voyage time of 5 to 8 hours. The entire catch was brought to the shore and similar scenario is continuing in single day operating vessels in many landing centres. In the case of multi-day operating vessels generally entire catch was not brought to shore if the catch is more than the fish hold capacity. It was observed that the comparative economic viability of bringing the fish in preserved form or in non-preserved form depends on the demand for the species in the landing centre.
The estimated all India trawl landing show an increasing trend during the period of study (Fig.2) . Average all India trawl landing for the period 2008-2011 is 17, 21,000 t with a maximum of 20,27, 000 t in 2011 which formed 51 % of the total marine fish landing in the country . The west coast of India contribute 51 % of the catch. Gujarat State accounted for 20% of the trawl landing of the country of which 42% is landed at Veraval fisheries harbor. Likewise, Karnataka account for 11% of the country's trawl landing of which 54% landed in Mangalore fisheries harbor. On the east coast of India, Andhra Pradesh accounted for 9% of Indian trawl landing of which Visakhapatnam fisheries harbor accounted for 51%. It was observed that even though the total landing by trawlers showed a steady increase during 2008-2011, similar increase was not reflected in the edible portion of the landing, which was fluctuating around 3 lakh t. The nonedible portion of the landing steadily increased from 50,000 t in 2008 to one lakh t in 2011 (Fig. 3) . The LVB at different 
Discarded bycatch
Estimation of the percentage of discards was made from the onboard samples collected from the trawlers at Veraval, Mangalore, Calicut and Visakhapatnam fisheries harbours. In 2008, the estimated discard constituted 18% of the total trawl catch at Mangalore, which came down to 6% in 2011, whereas in Calicut the discarded catch which was 15% of the total trawl catch came down to 4% in 2011. At Veraval, in most of the season, the entire bycatch was landed by trawlers, as there was no restriction of the landing of trash in any form of deterioration. However by the on-board data collected from trawlers of showed that from August to December, the LVB caught is discarded and the discard percentage in 2011 was estimated at 10% of the total trawl catch. In Visakhapatnam the discarded catch was 22% and the percentage of discard remained the same during the period of study. In Mumbai 15% of the bycatch was presumed to be discarded since there was restriction on trash fish landing in deteriorated form and the average trash landing was only 7% of the total trawl landing. In Chennai, reported discard was very nominal (1%) (Fig. 4) .
Low value bycatch (LVB) landing
The total trawl catch, landing pattern of edible catch, nonedible LVB and discarded by catch at different trawl centres of Indian coast is given in the Fig.3 . At Veraval, it is a regular trend to land most of the fishes caught by trawlers and the LVB landing during the study showed a steady increase from 24% to 33%. At Veraval fisheries harbor, a very efficient market chain exists for the LVB which encourages trawl operators to bring as much trash as possible for landing. Onboard participatory studies conducted during 2011 revealed that during the year, 10.44% of the catch was discarded at Veraval during the monsoon and post monsoon months (August to December), when the demand for the trash fish is loo low due to erratic weather conditions. This was the general trend during the earlier years also but on introduction of modern technologies in fishing, the speed for the trawlers has increased and often the catches were more than the fish hold capacity. The trash landing at Veraval was more than 50,000 t in 2011. In major landing centres of Mumbai, the percentage of LVB landed remained around 5%, and the trash fish landed were only those caught during the last day of the voyage. In Mangalore, as in other centres, single-day trawlers brought all the catch to shore and the trash consisted of 30 to 40% of total catch. On the other hand, multiday trawlers brought the trash in semi-preserved form suitable for fish meal and fertilizer producers. In Mangalore also a strong market chain exist for the LVB and the business is becoming a very prominent economic activity in fisheries of Karnataka. In Mangalore fisheries harbour the increase in trash landing was phenomenal, the trash landing which formed only 3 % (3,000 t) of the trawl landing in 2008 increased to 26% of the total fish landed (12,000t) in 2011, the percentage of LVB was 3, 14, 21, 26 in 2008, 2009, 2010 and 2011 respectively. This increase in LVB landing was the result of increased demand from an array of fish meal plants operating all along the Karnataka coast. In Karwar the LVB landed by single day operating trawls was about 42 % (2,310 t) in 2011. In Calicut also there was high demand for the LVB by fishmeal plants and in this centre, LVB landing in 2011 was 12,000 t forming 26% of the landed catch. In Kochi, at Munambam, the total estimated LVB landed in 2011 was 1,992 t forming 7.2% of total trawl landings and in Sakthikulangara fisheries harbour the estimated LVB in 2011 was 11% of the total landing. In Chennai, the observations on LVB was carried out at Kasimedu fisheries harbour and the estimated LVB landing was 13% (3,000 t) of the total landing in 2008 which increased to 17% in 2011(5,800 t).In Visakahapatnam, estimated LVB landed show a steady increase from 2% (705 t) of the landing in 2008 to 21% (19,000 t) in 2011.
Species composition in discarded bycatch
Analysis of discards from trawlers of from Mangalore showed that 237 species/groups of marine fauna were discarded of which many were juveniles of commercially important species and the rest were adult and juveniles of species, with no market value. Among the commercial species, Saurida tumbil formed the highest percentage (12.5%) of discards in terms of weight and 4.7% in terms of numbers. Juveniles of 14 commercially important species were seen in all the months. The contribution of juveniles of commercial species in discard by number was estimated as 63.7% and in terms of weight they constituted 37.4%. In a similar study at Calicut, 178 species of fishes and shell fishes were found in the discards. 124 species of fin fishes, comprising mainly low value finfishes and juvenile fishes of commercial value were the main component of discards and it formed 88.6% by weight. The contribution of crustaceans, molluscs and miscellaneous items was 9.48%, 1.73% and 0.19%, respectively. In earlier studies on the discard composition from trawlers also the juvenile losses were recorded
Species composition in LVB
The demand and price of LVB is determined by the species composition of LVB and finfish dominated LVB had better demand. For assessing the sustainability of marine fisheries production it is imperative to understand the species composition and the juvenile composition of the fishes in the LVB. The species composition of the fishes from different centers is given in Table 1 . The species composition of LVB It is observed that even though the highest annual LVB landing was in Veraval (50,000 t) the value realization was the highest in Mangalore (Rs. 280 million) (Fig.5) . The composition of the LVB determined the price for LVB. Fish dominated trash was in much demand and in Mangalore, multiday trawlers brought LVB in a semi-preserved form, as it fetched a rate as high as Rs.12/kg. This is mainly used for fish meal preparation. In Mangalore, single-day operating vessels landed trash dominated by mollusc and crustacean for which the highest price realized was only Rs.4/kg, which is mainly used for drying for low cost fish meal. The composition of finfishes in the LVB was highest in Mangalore and Calicut (85 to 90%) whereas in Veraval, Mumbai, Chennai and Visakhapatnam the finfish composition in LVB remained below 65% throughout the period of observation (Fig. 5) .
Discussion
Bycatch and discarding from trawlers is of great concern worldwide and extensive studies are carried out to understand its impact on the structure of marine communities and/or ecosystems (Alverson et al., 1994) . Bhoopendranath (2007) reviewed the studies carried out on the trawl bycatch along the Indian coast. There were many attempts to estimate the discards from trawlers in different parts of the country at different occasions. Although region based estimates are reported, a comprehensive study on the trawl bycatch/discards from Indian trawl fishery was not carried out. Along the Visakhapatnam coast, Gordon (1991) estimated that 25-30% of discards from trawlers were comprised of juvenile shrimps.
Later Rao (1998) re-estimated the quantity of the discards from trawler fleet based at Visakhapatnam and reported the total trawl landing of about 40,410 tonnes of which 80% is discarded. Bhathal (2005) during her historical reconstruction of Indian marine fisheries catches observed that discards from Indian fisheries is having a heavy impact on the marine trophic structure. The present study analysed the ecosystem damages due to discards at the species level by analyzing discard composition. The growth overfishing was indicated in the present study in many species and there were a number of commercial species are being discarded or treated as LVB because the size caught was far below its marketable size. Menon (1996) has estimated that 6,200 t of juvenile fish and prawns were discarded back into the sea by trawlers during 1980-84 along the southwest coast of India. Sujatha (1995) identified 228 species from the discarded bycatch at Visakhapatanam and on the west coast, Zacharia et al. (2006) recorded 53 species of fishes (23 always discarded), 12 crustaceans (6 always discarded), 27 molluscs (22 always discarded) and 7 other invertebrates (always discarded) from multiday trawlers operated along the Karnataka and Dineshbabu et al (2010) identified the spatial distribution of 198 species, (116 species of finfishes, 31 species of gastropods, 4 species of bivalves, 7 species of cephalopods, 13 species of shrimps, 3 species of stomatopods 21 species of crabs, 3 species of lobsters and other fauna) from discards off trawling grounds of Karnataka. As in the case of discards the composition of LVB also was topic of research in different parts of the country. Luther and Sastry (1993) reported that the bulk of the LVB landings in different maritime states comprised of juveniles. Juvenile composition of the LVB landed by trawlers were studied at Visakhaptnam in late eighties and found that LVB from trawlers was constituted by 85 species and more than 50% of LVB were immature fishes (Sivasubramanyam, 1990) . The study cautioned that juvenile fish landing as LVB could affect the stock and consequently the fishery economy of the commercial fishery of succeeding years. Zacharia et al. (2006) and Kumar and Deepthi (2006) have also highlighted the implications of trawl bycatch on marine ecosystem along south west coast of India. Identification of critical fishing ground in terms of juvenile abundance and biodiversity should be carried out and the practice of seasonal and spatial closure of trawl fishery should be implemented in these critical fishing grounds. Preliminary experiments of GIS based studies in trawl fisheries of Karnataka (Dineshbabu et.al., 2012) have shown the prospects of identification of critical fishing ground and also the prospects of spatial restriction and spatial allocation of trawler effort in marine fisheries resource conservation and management through spatio-temporal studies.
Apart from the biological loss, discards form an unknown factor for stock assessments of fishery resources. Stock assessment, which forms the backbone of fisheries management policies, is generally carried out based on the landing data by ignoring the volume of discards, resulting in underestimation of year class strength (Casey, 1993; Dingsor, 2001) . Kurup et al. (2004) carried out a detailed study on the trawl bycatch of Kerala and suggested that the discarded quantity also need to be added to the landing data to arrive at reasonable estimates of the total removal of fishes from the sea by trawlers. The discarded quantity if added to the total landings, the estimated total fish landing from Kerala worked out to be 7.63 lakh t, almost reaching the potential stock level. In the present study, it was observed that in Indian trawl fishery, around 90% of the fish caught is landed and 10% discarded and this correction had to be incorporated with the landing for making yield based projection in fishery management. By substituting this figure to all India trawl landing of 2011(20, 27,000 t) the total trawl catch in 2011 is estimated to be around 22 million t. Reducing discards in trawl fisheries by improving its utilization was one of the major objective for Food and Agriculture Organization (Alverson et al., 1994) . In India, it is observed that in all major landing centers the discards from trawlers declined considerably and the LVB landing increased.This is a positive consequence as far as the objective of FAO is concerned. All India average percentage of landed LVB showed gradual increase from 14% in 2008 to 25% in 2011. In Asia, there has been considerable growth in aquaculture in recent years and the demand for trash in fish meal plants in India has also increased to a large extent. The discards from trawlers have been found to reducing but trash landing was on the increase in all the centres. Chandrapal (2005) estimated that that about 15% of the total Indian fish production goes for fish meal production. He warned that the requirement of fish for the production of aquaculture feed is going to increase in coming years giving more pressure on marine ecosystem and also threatening the food security. In the present study, it is seen that in the percentage of sardines and low valued fishes in LVB has been on the increase. The value realized for the landed LVB in some period goes up to Rs. 16 per kg (in Mangalore), which is more than the price realized for those landed in fresh form. In 2011, in Mangalore alone, 2,600 t of oil sardines, 1,800 t of lesser sardines and more than 32,000 t. of Decapterus spp. were landed as LVB, mainly because the landing of these fishes as trash is economically more beneficial than bringing it in preserved form for edible purpose. If this situation is allowed to continue, it may cause serious threat to food security of the coastal population, who thrives on these low valued fishes for meeting their protein requirement.
Trawling has acquired the status of an industry with incorporation of the state of art technological advancements, in terms of more speed, higher capacity, efficient navigational/ fish finding equipment etc. The high investment and fluctuating returns lead to high competition in the industry overlooking the sustainability of the fisheries. There is a considerable reduction in percentage of discards by trawlers operated along Indian EEZ and the discard percent in Indian trawl fisheries in 2011 was less than 10% and In many major fishing harbours the percentage was less than 5%. Fish protein landed in any form is having a very high demand in fish meal plants especially the feed industries and this demand in turn encourage the trawler operators to land more and more trash fishes. Looking at the trend of trawl landing during 2008-2012, it was quite evident that though total landing increased over the period of time, there was no substantial increase in the edible portion of the trawl landing whereas trend is almost steady or slightly decreasing. The increase in total landings is contributed mainly by landing of non-edible LVB. The trawlers equipped with high storage capacity (to the tune of 40 t) and high speed (>450 hp) are intensively trawling to catch as much as possible without any concern over the size of fish or the species of fish or the future concerns about the fishery. This practice is causing heavy damage to the marine ecosystem and by continuous landing of juvenile fishes, the sustainability of the fisheries production is under serious threat. Since trawl fishery is the backbone of Indian marine fisheries production and bycatch by the trawlers in tropical multi-species scenario is unavoidable, spatio-temporal and effort allocation coupled with effort restrictions based on the identification of critical fishing ground can bring down the damages to the ecosystem by reducing bycatch considerably.
